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This is the first of a two part article on how dynamic 
rams operate, how the TS2016 works, and how to upgrade the ram 
pack to use the newer 5 volt-only 64k dynamic rans. 


16 and 64k DRAMs 


First let me put to rest all the fears that are probably 
running through your minds right now! Dynamic rams have had a bum 
rap for years. They are not only EASY to use but they are also 
much easier to wire up! Have you wired, or can you imagine wiring 
up, an array of 64k memory using static random access memory? 
Even if you used the now inexpensive 6116 CMOS 2k byte-wide rams 
you would need 32 of them, plus the supporting selection logic on 
a board that will barely fit in an S100 system! If you used the 
affordably latest in CMOS ram (8k byte-wide>, then the resulting 
8 28-pin chips plus selection logic would fit on a board about 
the same size as your TS1000/ZX81 computer! 


Dynamic rams, or DRAMs for short, are constructed of 
simply one transistor and one capacitor per data bit! Static 
Rams, or SRAMs for short, are constructed of a flip-flop 
consisting of 4 or more transistors per bit. Right off you can 
see that the SRAMs consume much more power and much more die 
space ( die is the actual silicon chip that the DRAM is made of) 
than DRAMs. DRAMs are not without fault, however, in that they 


- require a small amount of attention to timing, and refresh to 
use. 


With SRAMs you simply supply an address and wait the 
required access time for the data to appear at the output. DRAMs, 
on the other hand, require multiplexing of the address bus. Why? 
Take a look at a typical DRAM such as the one in your TS2016 ram 
pack and count the leads on the IC body. I count 16. Well, lets 
see.... the 4116 rams used in the TS2016 ram pack need 3 supply 
voltages and ground (+5,+12,-5,GND)-that leaves us 12 leads for 
address and control, or for the 64k DRAM 2 leads are used for 
power +5 and GND so that would leave 14 pins for address and 
control. Now let's supply the 14 address lines needed for 16k, or 


for the 64k DRAM 16 address lines ...... oops, we just ran out of 
pins. 


The manufacturers came up with a scheme for cramming 14 
lines into the 7 that are needed for the 16k DRAM, or 16 lines 
into 8 needed for the 64k DRAM by multiplexing them: First, you 


supply the lower 7 or 8 address bite to the address lines and 
strobe them into the DRAM. The DRAM contains a Row address latch 
that holds these 7 or 8 address bits, and in fact, the strobe 
line used to etrobe them in, is called RAS (Row Address Strobe). 
Next, we switch to the upper 7 or 8 address lines via a TTL 
multiplexer switch and then strobe in the column address using a 
second strobe line on the DRAM chip called CAS (Column Address 
Strobe). Lastly, we wait the required access time and then read 
the data out of the DRAN. The only other requirement we must 
observe is the refresh timing needed by the DRAMe. 


Since each bit in a DRAM consists of just one transistor 
and a capacitor, it is easy to see that there is no stable state 
like that in flip-flop type memory found in SRAMs. The capacitor 
soon starts to lose its charge via leakages of one type or 
another, and before you know it you've lost the state that was 
stored in that capacitor. In order not to lose the capacitor's 
state we must periodically refresh each capacitor to preserve its 
current etate. Refresh simply means that we want to preserve 
whatever etate the storage capacitor is currently in, the two 


states being charged for a logic high, or discharged for a logic 
low. 


The manufacturers determined that 1f each capacitor was 
refreshed within a specific amount of time, enough of its charge 
would still be there to determine what its current state should 
be. For most 16k DRAMs such as those in the TS2016 ram pack, and 


the newer 64k DRAMs each location must be refreshed every 2 
milliseconds. 


Reading all 16,384 locations to refresh the DRAM would © 
take a considerable amount of time. Another way to refresh the 
DRAX is needed to keep the refresh time down. One way takes into 
account the fact that when a row is addressed that ENTIRE ROW is 
refreshed! So if we address just 128 row locations the entire 16k 
would have been refreshed. I should also point out at this time 
that the 64k drams are internally arranged 60 that they only need 
128 row refreshes to refresh the entire DRAM. They are internally 
set up as four 16k blocks. Since the row addresses are supplied 
to each of the four 16k blocks at once, it follows that only 128 
refresh cycles will refresh the entire DRAM. 


A method that takes advantage of an entire row being 
refreshed while appling the row address is called RAS only 
refresh. It is enabled by supplying the refresh address to the 
address pins on the DRAM and then enabling the RAS line ONLY. 
This will refresh the entire row addressed by the address pins. 
Also, since we do not supply the column address and the CAS 
signal, the DRAM will not complete a true read operation and, 


therefore, will not output any data, but will remain in ٥۵ 
tri-state condition. 


There are a number of other refresh modes especially in 
the newer 64k and 256k DRAMs and if there 6 enough interest in 
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this article I'll describe those modes in a future article. For 


now, let's proceed to the inter-workings of the TS2016 ram pack 
with this new knowledge of DRAMs under our belts. 


THE TS2016 RAX PACK 


I could not procure a schematic of the ram pack, eo I 
dissected a ram pack that I own and drew a schematic from that. 
During the following discussion please use the schematic in 
figure 1, and the timing relationships in figure 2. 


THE REFRESH CYCLE 


The first thing you Z80 hackers will notice is that there 
is a refresh counter in the ram pack. Anyone who has worked with 
the Z80 knows that it has its own refresh counter on chip, so why 
use an external one? The "R" register, as it is called in the 
280, is used in the display interupt routine to count the number 
of characters per line and since the "m" register is manipulated 


a lot in this routine it would not be wise to use this register 
to preserve your data! 


ICs "A" and "B" are 7 (quad 2 line to one line 
multiplexers) and are used to switch in the refresh address 
counter IC "E", a 74LS393 dual binary counter. The counter is 
needed to "remember" what address we need to refresh. The refresh 
request signal is supplied by the Z80 CPU 1n your TS/ZX computer 
and is called REFSH on the schematic. So when REFSH (active low) 
comes into the ram pack it gets buffered and inverted by gate. 
"F4" and is then sent to pin 1 of both ICs "A" and "BP" which will 
cause them to select the inputs suffixed with a "1" (A1,B1,C1,and 
D1>. Those inputs come from the outputs of the 74LS393 refresh 
address counter. Note also that the same line used to select the 
refresh counter will also advance the counter one count AT THE 
END OF THE CURRENT REFRESH CYCLE. The counter will now contain 
the next address needed to refresh. ICs "C" and "D", also 
multiplexers, are switched by gate "G4" which is enabled by gate 
"F1" via gate "F2". During a refresh cycle there are no active RD 
or VR signals from the Z80 so the output of gate "F1" is low, the 
output of gate "F2" then is high, and the output of IC "G4" is 
also high. The multiplexers "C" and "D" therefore take input via 
the inputs suffixed with a "1" (A1,B1,Cl,and D1), which is from 
the refresh counter via the multiplexers "A" and "B". The DRAM 
address lines are at this point "connected" to the refresh 
counter IC "E" via the four multiplexers. 


The last requirement to refresh the DRAM is to supply the 
RAS signal. This is accomplished with the MREQ signal supplied by 
the Z80 CPU. The MREQ signal is buffered by gate "G2" and 
supplied directly to the RAS input of the DRAM. This low-going 
Signal latches the refresh address in the DRAM causing that 
entire row to refresh. Note that since gate "G4" is disqualified 
by the output from gate "F2", which we discussed earlier, its 
output will never change during the refresh cycle. This will keep 


the refresh address Supplied to the DRAN and also keep the CAS 
line to the DRAN inactive (high) throughout the refresh cycle, 
thus preventing a true read Operation of the DRAM. The output of 
the DRAM, therefore, during refresh is at its tri-state 
condition. The NREQ signal now goes inactive (high) which removes 
the RAS signal from the DRAM ending the refresh cycle. Finally, 
the inverted REFSH signal coming out of gate "F4" now goes low 
Switching the multiplexers "A" and "B" back to the system address 
lines, and at the same time the low-going Signal advances the 
refresh counter IC "E" via pin 1 to the next row address in 
preparation for the next refresh Cycle. That wasn't &o bad was 
it? Now for a RD/VR cycle. 


THE READ/VRITE CYCLE 


First, keep in mind that because the REFSH signal is 
inactive during a read or write Cycle, the multiplexers "A" and 
"B" are eupplying address lines AO through A6 to the inputs 
suffixed with a "1" on multiplexers "C" and "D", Nultiplexers "C" 
and "D" now select either system address lines AO through A6, or 
system address lines A7 through A13. 


The first signal to occur after the System has supplied 
the proper address is the MREQ Signal. This signal, after passing 
through buffer "G2", is Supplied to the RAS pin of the DRAM. At 
this instant, when the RAS Signal has just gone active Clow), the 
DRAM is "looking" at system address lines ۵0-۸6, and this address 
gets latched into the DRAM's internal RAS latch. MREQ is also 
supplied to gate "G4" via a time delay network consisting of a. 
300 ohm resistor and a 47 PF capacitor, and before the MREQ 
signal has had time to get through the time delay circuit the 
output of gate "G4" is at its inactive (high) state. This keeps 
multiplexers "C" and "p" selecting address lines ۸0-۸6 via 
multiplexers "A" and "B". About 50 to 100 nanoseconds later the 
MREQ signal finally gets through the time delay circuit and 
partially enables gate "G4". The other leg of gate "G4" is 


enabled for a read or write Operation (which we are doing) and 
system address line A14. 


System address line A14, when in its high state, is used 
to select the ram pack by placing it in the 16k to 32k system 
address range. Note that since the last address line A15 is not 
defined anywhere, a mirror image of the ram pack will be found in 
the 48k to 64k area of system ram. Anyway, gate "G4" is now 
active and its output goes active (low). This signal now switches 
the multiplexers "C" and "D" to the system address lines A7-A13. 
Note, too, that for multiplexer "C" the output ZC goes from high 
to low via inputs CO and C1. This supplies a low going signal to 
a second time delay circuit. Why? We have just switched the 
address lines to the DRAM and before latching the address in the 
DRAM we must now allow some time for the multiplexer output to 
“settle” before enabling the CAS signal to the DRAM, this time is 
given to us with the second time delay circuit. After 50 to 100 
nanoseconds the signal gets through the time delay circuit and is 


supplied to the CAS pin on the DRAM. This latches address lines 
A7- A13 into the CAS latch in the DRAM. About 50 nanoseconds 
later the DRAM will supply its output data via pin 14 to the 
eystem data buss during a read cycle, or for a write, it will 


strobe in the data from the data buss on the falling edge of the 
| 260 supplied WR ۰ 


The only way the DRAM knows what type of cycle the Z80 is 
in, is via pin 3 on the DRAN. When low, it is a write cycle, and 
when high, a read cycle. This signal is supplied by the Z80 CPU 
and occurs during the MREQ signal. After the 280 has read or 
written the data it will make the MREQ signal inactive (high), 
this will then make RAS inactive (high), also causing gate "هن‎ 
to switch multiplexers "C" and "D" back to inputs A1-D1 thus 


causing CAS to go inactive, tri-stating the DRAMs data Output and 
ending the read/write cycle. 


The one transistor circuit at the bottom of the schematic 
is a DC to DC converter that supplies the needed +12 and -5 volt 
bias supplies for the 4116 DRAMs. This circuit is a source of a 
lot of noise and will be eradicated when we upgrade the ram pack. 


I know that the above discussion is somewhat "dro"... but 
1f you can come to understand what is going on you'll be a long 
way into understanding what makes your computer "tick"! 


In the next issue I'll present the needed modifications 
to upgrade the TS2016 to 64k, plus some of the unusual 


restrictions imposed by the TS1000/ZX81 architecture in designing 
64k ram systems. 
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This is the second part on upgrading your TS2016 ram pack to 64K. 
Last issue we discussed the ins and outs of dynamic memory and how the 


Sinclair ram pack works. This issue it's time to warm up the soldering 
irons! 


Take a look at figure 1. You'll note that the schematic looks quite 
sinilar to the schematic in the last issue. There are, however some 
significant differances. The biggest change is the addition of selection 
logic (the 74LS138, 74LS139). Missing is the noisy DC to DC converter that 
generated the *12 and -5 volt bias voltages needed by the older 16K drams. 


Another more subtle change is the addition of the active low OR 
gate in address line 15. This brings up the unusual architecture used in 
the ZX/TS machine. The interupt routines in the Sinclair ROM ASSUME the 
display to be under the 32K boundry! So if you add enough memory to extend 
beyond the 32K boundry and then initalize it you will lose the display! To 
get around this problem we must force the memory to "look" like 32K during 
an interupt cycle. This is done by oring A15, the address bit that 
determains which 32K boundry were in, and M1 which occures during an 
interupt cycle. Unfortunatly the M1 cycle also occures during EVERY 
instruction fetch. The effect of this is that you CAN NOT EXECUTE PROGRAMS 
ABOVE 32K. However, you CAN store data, such as a large array above the 32K 
boundry which is what most people want the extra memory for anyway. 


SO! Warm up the old soldering iron and let's go...... 


Tbe conversion is done in two steps and should take someone with 
"good" experiance a weekend to complete. 1 should point out at this time 
that neither myself nor Time Designs Magazine is responsible for any 
damaged caused to your ram pack by this modification. THIS IS NOT A GOOD 
FIRST OR EVEN TENTH PROJECT. You'll need experiance in PCB repair and 
handling a low power soldering iron. I will assist anyone having trouble by 
either BBS communication, or SASE mail from you. I would recommend, if your 
not too confident, that you purchase a 16K ram pack from ZEBRA or other 
source to modify. They are inexpensive (under $10) and will allow you to 
use your ZX/TS while taking a break from the modifications. 
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You'll need the following TOOLS: 


23 watt soldering iron 

solder sucker/wick l 
small wire cutters (Xcelite 73CG is ideal) 

small needle nose pliers (Xcelite 79CG is ideal) 
30 gauge wire-wrap wire 

20-24 gauge solid wire 

Dremel moto-tool with extra-small ball cutter or an Xacto 
knife 

Crazy glue 

solder 

Anti-static mat 


You'll need the following PARTS: 


(8) 4164 or equivalent 64K DRAMs 
(1) 74HCT138 or 8 

(1) 74HCT139 or 74LS139 

(1) 74180100 or 74LS00 

(8) 16 pin IC sockets 

(1) 1K 1/4 watt resistor 

(11) 1N4148 or 11914 5 


A WORD ABOUT STATIC ELECTRICITY 


Very simply, it can destory all the work you put into a project in 
just a few nano-seconds. Work on an anti-static mat. This can be a” 
commercial item or a piece of aluminum foil. The idea is to keep you, the 
project, and anything that touches the project at the SAME POTENTIAL. Use 
an un-grounded tip type soldering iron. 


1) 


2) 


4) 


5) 


6) 


7) 


8) 


FIVE VOLT DRAM CONVERSION 


Dissasemble the case on your anti-static mat. From this point on BE 
CAREFULL with the ribbon cable connecting the two PCBs, it is very 
easy to break a wire in it and not even know it 'till you have 
powered up. 


Remove all componants from the DRAM PCB not marked in Illustration 
"A". Start with the small componants first by using the solder 
sucker/wick to remove the solder from the pad and then using the 
needle-nose pliers to work the wire loose. TAKE YOUR TIME! When you 
get to the DRAM ICs use this method: take the small wire cutters 
cut all the leads on one side of the IC close to the PCB, then bend 
the IC up then back & forth to break off the leads on the other 
side of the IC. Now use your solder sucker/wick to remove the 
solder and old IC lead from each of the pads. WORK VERY CAREFULLY. 
HERE. DON'T LIFT ANY OF THE FOIL PATTERNS. Take a break after each 
DRAM removed.....you'll be rewarded with good clean job, and a ram 
pack that works! 


Check the DRAM PCB for solder splashes, shorts, etc. At this point 
you should only have 6 de-coupling caps and 1 electrolytic cap left 
on the board. 1 


Install the eight 16 pin sockets in the DRAM locations placing pin 
1 toward the electrolytic cap. ۰ 


Install jumper "A" where a cap used to be as shown in Illustration 
"A". This jumpers one of the multiplexed address lines to ground to 
make the ram pack a 16K version. This jumper will be removed later, 
after testing. 


- 


Make the 3 cuts, and 3 adds as shown in Illustration "P". 


Carefully install the PCBs onto the computer (leaving them out of 
the case), and power up. If all is well you should get the usual 
"K” cursor in just a few seconds. Check to see if the ram was 
properly initalized by executing the following command: PRINT PEEK 


. 16388 + 256 * PEEK 16389. You should get 32768. If not re-check the 


above steps and find where you went wrong? 


This completes the 5 volt conversion step. 


SIXTY FOUR K CONVERSION 


1) Your ram pack should be fully operational as a 16K pack using the 5. 
volt only 64K DRAMS at this point. DO 801 CONTINUE ON UNTIL THIS IS 
TRUE. 

2) Perform the cuts and adds as shown in Illustrations "C" & "p. 

3) Take the three ICs (74LS138, 139,00) and bend all leads horizontal 


from the body except the power leads (pins 6,16 for the 74LS138, 139 
and 7,14 for the 74LS00). See Illustration E. 


4) Using Crazy glue, and working VERY FAST glue the 74LS138, lining up 
the power leads on top of IC "A" the 74LS157 on the CONTROL PCB 
(the PCB with the connector on 1t). See Illustration "G" for IC 
identification. Next glue the 74LS139 lining up the power leads 
again to the 418138 just glued on. Finally glue the 74LS00, lining 
up it's pin 14 to the 74LS139's pin 16. 


5) Carefully bend back pin 7 on the 741500 (top of IC stack) so that 
it touches pin 8 of the 74LS139 under it. After insuring all the 
power leads are lined-up and touching, solder them. Check with 
Illustration "E". 


6) Using Illustration "F" and 30 gauge wire-wrap wire: 
ADD VIRE FROM HERE TO HERE 
74LSO0, PIN 3 74LS138, PIN 3 
74LS138, PIN 14 74LS139, PIN 15 
MREQ on connector 74LS138, PIN 4 ~ 
74LS138, PIN 8 74LS138, PIN 5 
74LS138, PIN 16 74LS138, PIN 6 
A14 on connector 74LS138, PIN 2 
A13 on connector 74LS138, PIN 1 
Mi on connector 74LS00, PIN 5 
A15 on connector 74LS00, PIN 4 
74LS00, PIN 6 74LS00, PINS 182 
A12 on connector 74LS139, PIN 13 
A11 on connector 74LS139, PIN 14 

7) Add a prepared diode with the anode soldered to pin 15 of the 


74LS138. Then add a 30 gauge wire from ROMCS on the connector to 
the cathode of this diode. 


8) Add five prepared diodes with the cathodes soldered to pins . 
9,10,11,12,8 13 of the 74LS138. Then add a NON-PREPARED diode with 
the cathode soldered to pin 7 of the 74LS138. Bring the diode 
around the IC "stack" and line up it's anode with the other 5 
diodes. solder all six anodes forming a "buss". See Illustration 
" Fr" " 
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9) Next solder a 1K resistor from pin 16 of the 74LS138 (45 volts) to 
the ”anode buss", 


10) Add diodes in the following table for each of the 2K blocks of 8K 
"hidden" area that you want to use. 


RAM AREA RANGE CATHODE TO PIN OF 74LS139 
8192 to 10239 : 12 l 
10240 to 12287 11 

12288 to 14335 10 

14356 to 16383 9 


Tie the anodes of any of the diodes used above to the 
"anode buss". 


Add wire from the "anode buss” to pins 9 & 10 of the 
74LS00. Then add a wire from pin 8 of the 74LS00 to tha pad 
shown in Illustration "G" (this pad runs to pin 5 of the 
74LS00 IC "F" on the CONTROL PCB. 


Remove jumper "A" in Illustration "A", 


11) Plug the ram pack onto the computer and power up. If all 1s well 
you should get your "K" cursor. Execute: PRINT PEEK 16388 4 256 x 
PEEK 16389. This should give you 32768. If this works enter the 
following command lines one at a time: (1) POKE 16388,255 (2) POKE 
16389,255 (3) NEW (4) PRINT PEEK 16388 4256 x PEEK 16389. You 
Should now get 65535! indicating that the entire ram is now 
initalized and ready for use. j 


12) re-assemble the PCBs back into the case and re-test as above. This 
completes the conversion. 


OPTIONS 


You can use the internal ram socket via the ram pack selection 
logic. This is where I placed my ZX-LR8 ROM for high speed cassette access. 
The cuts for this option are shown in Illustration "C", and the adds are 
shown in Illustration "D". Those cuts and adds Just isolate the RAMCS pin 
on the connector from the +5 volt buss it was normally connected to (the 
ram pack normally disables the internal 2K ram. Illustration "F" then 
shows where to connect the wire to use the RAMCS pin to enable the internal 
ram socket. Note that you could use any of the 2K selection blocks from the 
74LS139 chip. See the schematic (figure 1). 


Another great option is the ability to change the configuration of 
the ram pack via a DIP switch. On one of my prototypes I installed a DIP 


G 


switch to allow enabling or disabling any of the four 2K blocks in the 1 
"hidden" area. The best physical location is shown in Illustration "F", and 
the way I electrically connected it is shown in the schematic of figure 2. 
You could also use the switch arrangement to enable or disable any of the 
8K system blocks too. In fact, figure 2 shows a combination of switching 
both the 2K "hidden" blocks and the 8K system blocks. After you glue the 
Switch in place you can cut a small access hole in the side of the case 


with the X-acto knife so you can change the configuration without taking 
apart the case. 


That's about it. Vrite and let me know how you made out. I've also 
designed from the ground up an expansion ram that uses the new 256K rams 
(64K by 4 bit). The entire circuit uses just 9 chips and takes advantage of 
the newer DRAMs' internal refresh logic. If there is enough interest 1 
submit the article to Time Designs. 
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